ABSTRACT: We investigated the morphology and morphometry of eggs from the colonies of the Entomology Laboratory at ENCB-IPN belonging to six species of the genus Meccus and Triatoma recurva, using both light and scanning electron microscopy. Egg ornamentation is an important parameter to consider in the differentiation of species. Samples were observed under a scanning electron microscope. Measurements of fifty eggs per species included length, width, and opercular diameter, which were used for the morphometric analysis. The results showed that the seven species display a polygonal ornamentation dominated by hexagons; the operculum shows also a polygonal ornamental characteristic in each species. Morphometry provided valuable information for discriminating between closely related species of the genus Meccus and Triatoma recurva, a species akin to this group, thereby facilitating the complete discrimination of these species. Journal of Vector Ecology 41 (1): 134-140. 2016.
INTRODUCTION
Triatomines are nocturnal hematophagous insects of importance as the natural vectors of Trypanosoma cruzi, a parasitic protozoan that causes Chagas disease. There are currently 145 triatomine species worldwide, grouped into 19 genera, all of which are potential disease vectors. More than 30 triatomine species have been reported in Mexico, harboring among the largest number of these species in Latin America (Galvão et al. 2003, Schofield and ).
The genus Meccus was proposed by Stål in 1959 for the species belonging to the Phyllosoma complex. This complex comprises multiple allopatric species that are only distributed in Mexico, mainly in the central, south, and western areas (Carcavallo et al. 2000) . The genus Meccus includes Meccus longipennis (Usinger 1939) , M. mazzottii (Usinger 1941) , M. pallidipennis (Satl 1872), M. picturatus (Usinger 1939) , M. bassolsae (Alejandre-Aguilar, et al. 1999) , and M. phyllosomus (Burmeister, 1835) (Carcavallo et al. 2000 , Galvão et al. 2003 . All species are naturally infected and are among the main vectors of trypanosomiasis in Mexico (Magallón-Gastélum et al. 2006 , Martínez-Ibarra et al. 2008 , Ramsey et al. 2015 .
The six species traditionally included in this complex were placed in the genus Triatoma until the revalidation of the genus Meccus by Carcavallo et al. (2000) , based on morphological traits and male genitalia. There are some taxonomic aspects regarding the Phyllosoma complex that remain under discussion. For example, some species such as Triatoma dimidiata (Latreille, 1811) , T. mexicana (Herrich-Schaeffer, 1848) , T. brailovsky Martínez, Pelaez, 1984, T. gerstaeckeri (Stål, 1859) , T. ryckmani Zeledón and Ponce, 1972, and T. recurva (Stål, 1868) have been tentatively included in this group, based mostly on molecular evidence indicating a close phylogenetic relationship. Nevertheless, these data remain controversial and further research is required to clarify their taxonomic status (Flores et al. 2001 , Martínez-Hernández et al. 2006 , Pfeiler et al. 2006 , Bargues et al. 2008 , Martínez-Ibarra et al. 2011a ,b, Espinoza et al. 2013 .
Studies of the cytochrome b (CytB) and cytochrome oxidase I (COI) genes indicate a relationship of T. recurva to the Phyllosoma complex and its closeness to M. longipennis (Pfeiler et al. 2006) . Both species share part of their geographical distribution, being sympatric in Sinaloa, Chihuahua, and Durango (Licón-Trillo et al. 2010 , Martinez-Ibarra et al. 2012 . However, despite sympatry, adults of both species are morphologically different (Lent and Wygodzinsky 1979) . Several studies have been carried out to clarify the taxonomic status within this complex (Marcilla et al. 2001 , Bustamante et al. 2004 , Martínez-Hernández et al. 2005 , Martínez-Ibarra et al. 2008 , 2011a ,b, Espinoza et al. 2013 .
Among morphological traits, egg ornamentation is an important parameter to be considered. In 2007, Takashi et al. (2007) studied the eggs of four species of the genus Meccus and concluded that the differentiation between these species was a complex issue, given that they have evolved from a common ancestor. However, the description of egg ornamentation for T. recurva was not performed.
The aim of this work is to increase knowledge on the morphology and morphometry of some species included in the Phyllosoma complex and conduct a comparative analysis among these species based on the information obtained.
MATERIALS AND METHODS

Biological material
We studied the egg morphology of the following Mexican species from their original locations: M. pallidipennis (Temixco, Morelos), M. mazzottii (Acapulco, Guerrero), M. longipennis (Tepic, Nayarit), M. bassolsae (Acatlán, Puebla), M. phyllosomus (Tehuantepec, Oaxaca), M. picturatus (Compostela, Nayarit), and T. recurva (Satevó, Chihuahua) . The specimens of these species studied were obtained from the triatomine colonies at the Entomology Laboratory (ENCB-IPN). The colonies were maintained in wide-mouth jars, at 28 ± 1° C and 60% relative humidity. Triatomines were fed weekly on immobilized New Zealand rabbits. After oviposition, eggs were harvested and placed in separate vials.
Microscopy
For each species, ten eggs, ten exochorions, and ten opercula were observed under light microscopy (LM) using a Nikon SMZ1500 stereomicroscope. Photomicrographs of each structure were obtained using a Nikon Sight DS-Fil camera; images were used as a general reference. Nine eggs of each species were used for SEM. Eggs were mounted on a sample stub using two-sided carbon tape and subsequently coated in gold for 500 s in a Denton Vacuum DESKII ionizer. Afterwards, eggs were observed under a JSM-5800LV model JEOL® scanning electron microscope and micrographs were digitally obtained using Inter Video MISPVS software.
Morphometry
An ocular micrometer was used to measure 50 eggs and 50 opercula of each species. Exochorion length and width, as well as operculum diameter, were also measured, and these three variables were statistically analyzed. Data were analyzed to detect outliers using the criteria of 1.5 IQR (Interquartile Range), followed by a Canonical Discriminant Analysis (CDA), a multivariate statistical method that allows comparisons of data sets from groups (species) when the variables are correlated. The Mahalanobis distance was used to determine statistically significant differences between species for the set of three variables measured. Class mean values of canonical variables were visualized through Cartesian coordinates; direction and orientation were used as indicators of the level of association between each variable and species. All statistical analyses were conducted with SAS 9 software.
RESULTS
For all species, light microscopy revealed whitish eggs that become orange or pink as the embryo developed. After hatching, eggs became whitish and transparent. The polygonal ornamentation was evident in the chorions of all species. Observations of eggs under scanning electron microscopy showed the following:
Meccus bassolsae. Oval-shaped eggs ( Figure 1A) ; the chorion displays a polygonal ornamentation dominated by padded and smooth hexagons that vary slightly in size ( Figure 2A ). The chorial border is thin and does not form a neck, with a slightly elevated triangular fold between the chorial and opercular borders, showing a discreet groove ( Figure 3A ). Similar to the body, the operculum displays polygonal ornaments with no dominant geometry. Polygons appeared padded, varying in shape and size and included squares with rounded vertices, compared to those in the body ( Figure 4A ).
Meccus mazzottii. Oval-shaped eggs ( Figure 1B) ; the chorion displays a polygonal ornamentation dominated by slightly padded hexagons ( Figure 2B) ; a thin, slightly protuberant neck is evident, appearing as a triangular fold; there is a slight groove between the chorial and opercular borders ( Figure 3B ). Similar to the body, the operculum displays polygonal ornamentations, mostly elongated hexagons that are more padded that those in the body; grooves are slightly deeper, mainly at polygon vertices ( Figure 3B ).
Meccus pallidipennis. Oval-shaped eggs ( Figure 1C ); chorion with a polygonal ornamentation dominated by smooth and slightly padded hexagons ( Figure 2C ). Slightly protuberant chorial border appears as a triangular fold without forming a neck; the union with the operculum has a discreet groove ( Figure 3C ). Operculum bound with polygonal ornamentation where no geometrical shape prevails, padded and more elongated and heterogeneous than the body, with rectangles in between pentagons, hexagons, and others in triangular form ( Figure 4C) .
Meccus phyllosomus. Oval-shaped eggs ( Figure 1D) ; the chorion displays a polygonal ornamentation dominated by slightly padded hexagons with rounded vertices, which are evident as a result of polygons being further apart from each other in this area, with a deeper groove ( Figure 2D ). A very discreet groove appears between the chorial and opercular borders, with a slightly elevated triangular fold ( Figure 3D ). The operculum has a polygonal ornamentation dominated by rectangular padded shapes that become more rounded and small near the periphery; these are delimited by a deep groove that is more marked at the vertices ( Figure 4D) .
Meccus longipennis. Oval-shaped eggs ( Figure 1E) ; the chorion displays a polygonal ornamentation varying from pentagons to heptagons, with the predominance of slightly padded hexagons ( Figure 2E ). The chorial border does not form a neck, and a slight groove appears between the chorial and opercular borders ( Figure 3E ). The operculum shows ornamental polygons that are smaller and slightly more padded than those in the body, including from squares to heptagons with deeper grooves ( Figure  4E ).
Triatoma recurva. Oval-shaped eggs ( Figure 1F) ; the chorion displays a polygonal ornamentation including four-to seven-sided polygons of various sizes, with the predominance of hexagons. The groove between polygons is broader and deeper at the vertices ( Figure 2F) . A neck is lacking, the chorial border is narrow and with no ornamentation; adjacent cells are incomplete. The union of the chorial and opercular borders forms a small triangular elevation showing aeropyles ( Figure 3F) . The operculum has a padded polygonal ornamentation, similar to the one in the body, with no dominant geometry and with deep grooves at the vertices. The opercular edge consists of cells with small pits and a rough surface ( Figure 4F) .
Meccus picturatus. Oval-shaped eggs ( Figure 1G) ; the chorion displays a polygonal ornamentation dominated by hexagons; pentagons are very scarce and small polygons are dispersed throughout the body ( Figure 2G ). The chorial border does not form a neck and displays a groove between the chorial and opercular borders that elevates as a slight triangular fold ( Figure  3G ). The operculum has an uneven polygonal ornamentation that includes irregular hexagons; large and very elongated polygons prevail throughout the surface ( Figure 4G) . Table 1 shows a summary of comparative egg morphology of the six Meccus species and Triatoma recurva. The mean and standard error of the variables studied for all species on scutellum Table 2 . The CDA revealed significant differences (p < 0.0001) for Mahalanobis distances in paired comparisons for all the studied species. The distinction between taxa is present in Figure 5 , showing the three canonical axes of greatest discrimination among taxa.
DISCUSSION
The importance of studying triatomine eggs was highlighted by Pinto in 1924, when he described the morphology and color of the eggs of T. brasiliensis Neiva 1925, used as the basis for differentiating this from other "barbeiros" species found in Brazil (Costa et al. 1997) . From this, the study of egg morphology has been used for characterizing several triatomine species, using light and scanning electron microscopy as tools (Santos et al. 2009 ).
The present work studied the morphology of eggs of the six species of the genus Meccus and the results obtained were used for comparing these species vs T. recurva. Also, a comparative morphological analysis of eggs was made in terms of length, width, and opercular diameter. The results showed that the six Meccus species shared similar egg morphologies, with the body displaying polygonal areas where smooth and slightly padded hexagons prevail, as described by Takashi et al. (2007) . These authors worked with four species belonging to this complex, M. picturatus, M. pallidipennis, M. longipennis, and M. phyllosomus, and concluded that these species showed exochorial characteristics that did not allow us to differentiate among these species and were insufficient to serve as species-specific traits when compared with other species studied by Barata (1998) . However, we found traits that could differentiate the species of this genus. Although the morphology of the exochorion was similar in the species studied, the operculum displayed remarkable differences. M. pallidipennis has elongated triangular shapes that are larger than those observed in M. longipennis, where various polygonal forms of different sizes were observed. M. mazzottii showed a polygonal pattern where padded squares with deep grooves at the vertices dominate, while in M. bassolsae no geometrical shape prevails in the ornamentation, displaying relatively padded polygons with rounded corners compared to the rest of the species in this complex. Furthermore, no particular geometric shape dominates the ornamentation of M. picturatus eggs, with large polygons throughout the operculum. Finally, M. phyllosomus showed elongated polygons at the center of the operculum suggesting a pattern, while those near the opercular border are smaller and with no apparent arrangement.
When comparing these observations with the features of the chorion of T. recurva, aspects to highlight are the large size of polygons, four-sided polygons, as well as the depth and width of grooves at each vertex, which are larger than those in any of the species of the genus Meccus. However, in both cases, there are fiveto seven-sided polygons with a predominance of hexagons. The morphology of the chorion of T. recurva is similar to that of some of the species described for Mexico, but it is clearly different from those of the rest of the Triatoma species described for this country (Villalobos et al. 2012 , Rivas et al. 2013 .
Our morphometric analysis of the Meccus species revealed that M. picturatus eggs are larger than those of the rest of the species in this genus, as described by Takashi et al. (2007) based solely on egg length and width. However, these two parameters are insufficient for differentiating among these species, making it necessary to involve a third variable, opercular diameter. This structure proved to be key for the differentiation of species within the genus Meccus. Taking these three dimensions together, M. picturatus eggs are the largest of the six Meccus species studied, the smallest being those of M. mazzottii; the four remaining species are between these two species in terms of egg size. Moreover, T. recurva eggs are the smallest vs the previous six species, even when compared with those of M. mazzottii. T. recurva can be readily differentiated compared with the other Mexican Triatoma species described. T. dimidiata eggs are more spherical in shape and the egg size in both species is smaller compared to other Triatoma species reported in Mexico (Rivas et al. 2013 ). The morphometric analysis revealed a clear discrimination among the species studied based on the variables considered. Figure 5 shows the degree of association between them, showing that T. recurva is poorly related to the Meccus species.
Several Triatoma species have been related to the Phyllosoma complex, including T. mexicana, T. dimidiata, and T. recurva, the latter appearing to have a close phylogenetic relationship with M. longipennis (Pfeiler et al. 2006 , Espinoza et al. 2013 ). However, a recent study involving crosses between T. recurva and the six species of the genus Meccus showed poor reproductive fitness in crosses with M. longipennis, and low or no reproductive viability of the rest of the parental crosses analyzed (Martínez-Ibarra et al. 2015) . This biological evidence and our morphometric results do not support the phylogenetic proximity of T. recurva and Meccus spp., but further studies with different population of Mexican triatomines are required.
We conclude that the polygonal ornamentation of eggs, particularly in the operculum, coupled with egg morphometry (length, width, and opercular diameter), may help to differentiate among the six species belonging to the Phyllosoma complex and even between species related to this complex, such as T. recurva. Table 2 . Means and standard error of means (SEM) of length, width, and opercular diameter (μm) of the eggs Triatoma recurva and species of the genus Meccus.
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